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標をpi (i = 1, 2, 3)とすると，ωに相当する接点に
おける速度viは，





























(c) Side view (d) Top view











v · s = vs · s + vf · s

















s1 = (0,−1, 0)
s2,3 = (±(
√
3/2), (1/2), 0) (4)
となる．
まず，球をx軸周りに角速度ωで回転させる場合
を考える．このときω = (ω, 0, 0)であるため，
vi = (ω, 0, 0)× (pix, piy, piz)
= (0,−pizω, piyω) (5)
|vs1| = v1 · s1
= (0,−p1zω, p1yω) · (0,−1, 0) = R cosφ ω
|vs2,3| = −(1/2)R cosφ ω (6)
となる．同様にy軸周りの回転，ω = (0, ω, 0)の場
– 4 –
合は，










vi = (−piyω, pixω, 0) (9)
|vs1| = −p1xω = −R sinφ ω
|vs2,3| = (−piyω, pixω, 0) · (±(
√
3/2), (1/2), 0)











































ax = KAθx + KAV θ˙x + KT (x− x0) + KV x˙





























(Ib + (mp + mb)r2 + mphr)s2















(Ib + (mp + mb)r2 + mphr)















vs1 = K1x˙ + K2vr
vs2 = K1{−(1/2)x˙ + (
√
3/2)y˙}+ K2vr










































Fig. 6　Behavior of the robot when it pushed under
free motion mode.
　(a) Using ball-IP　(b) Using omniwheeled IP



























































　(a) Ball-IP motion　　(b) Omnidirectional wheel
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(b) Fluctuation in inclination ([deg]).
Fig. 10　Experimental results when robot was com-
manded to stand still. Acquisition interval (points on















































(b) Change in inclination of the robot.
Fig. 11　Experimental results when robot was com-
manded to move straight.
(a) Load the robot with a concrete block and move it.
(b) Human-robot cooperation. (c) Robots co-ope.
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